This paper presents a combined ventilation system and describes its use in an office. Numerical comparative analysis has been done between a combined ventilation system and a fresh air system to assess the performance of the combined ventilation system. Simulations were performed in an office based on the tracer gas decay method. The results show that the combined ventilation system can improve the indoor air quality and reduce energy consumption by comparing with the fresh air system.
Introduction
Ventilation is required in the building to provide fresh air to the occupants and to remove contaminant from the building. Air flow within a building can be achieved either by using natural ventilation or by mechanical ventilation. Mechanical and natural ventilation are combined to ensure the required flow rates for indoor air quality and thermal comfort. This combined system is called combined ventilation system that contains natural and mechanical ventilation strategies. As a reference system, the fresh air system refers to the traditional air-conditioning system in this analysis. Indoor air temperature and contaminant concentration are analyzed by numerical simulation method when the combined ventilation system and the fresh air system operate respectively. In this paper, the combined ventilation system is composed mainly of exhaust fans, air outlets and fresh air inlets. Fresh air inlets are set in work region, external door or external window of main room, while exhaust fans are set in non-working region, subordinate room such as bathroom and kitchen, etc.
Building and Systems Description
Office building is selected because it is a typical building in which air-conditioning system is installed. An office has been studied in this building. Simulation model is shown in Figure 1 . Air exhaust rate of exhaust outlet (Φ80mm) is 60m 3 /h. Dimension of fresh air inlet is 300mm×300mm and fresh air rate is 60m 3 /h. Natural air inlet size is 400mm × 300mm (length × width). Air volume of air-conditioning system is 420m 3 /h and actual cooling capacity is 600W. Amount of body heat is 100W/person, computer heat dissipation is 100W and printer heat dissipation is 40W. Heat transfer coefficients of external door and external window are 5.8W/m·K and 2.05W/m·K, respectively [1] . 
Analysis for Simulation Results
An air-conditioned region in a room is a close space in terms of ASHRAE, which consists of six planes. Two of six planes are parallel to the ground, the distance between the two planes from the ground is 75mm and 1800mm, respectively. The remaining four planes are parallel to the inner wall and the distance of each plane from the wall is 60 mm. Therefore, we focus on the comparative analysis of points(C 1 -C 5 ) which lie in three typical cross sections parallel to the ground. Heights of cross sections are y=0.7m, y=1.1m and y=1.5m [2] . They are the main breathing zones of daily activities. The breathing zone of children and adults when they are on their back is located in the position of 0.7m. The breathing zone of standing children and sitting adults is located in the position of 1.1m. The breathing zone of standing adults is located in the position of 1.5m, The map of measuring points is shown in Figure 2 . Figure 3 shows the distributions of indoor air temperature and velocity based on the combined ventilation system(y=1.1m). Figure 4 is the distributions of indoor air temperature and velocity based on the fresh air system (y=1.1m). From Figure 3 , Figure 4 and Table 1 , the temperature distribution in air conditioned area is almost homogeneous when two systems run respectively. While the temperature values in non-working region are higher than that in work region under two conditions. The temperature values range from 24 to 25℃ and satisfy the requirement of comfortable air conditioning. There is little change in temperature at different heights for a given ventilation system. However, indoor temperature values of each monitoring point for the combined ventilation system are generally higher than that of each monitoring point for the fresh air system. Consequently, the combined ventilation system consumes less energy on the condition that two systems meet the requirements. Besides, this combined system can provide better condition for human thermal comfort. 
Temperature Field and Velocity Field

Concentration Field
Formaldehyde was used as the tracer gas. Indoor formaldehyde concentration distributions (y=1.1m) corresponding to the two modes are shown in Figure 5 and Figure 6 . Table 2 gives indoor concentration values for y=0.7m and y＝1.5m. From Figure 5 , Figure 6 and Table 2 , the indoor contaminant concentration values based on the combined ventilation system are much lower than that for the reference system. The analysis of the results shows that the use of the combined ventilation system can improve indoor air quality compared to the reference system at the same fresh air rate. On the other hand, to achieve similarly acceptable comfort conditions, the fresh air rate required for the combined ventilation system is less than that for the fresh air system. Therefore, this type of combined system is the best choice for the office. Figure 7 and Figure 8 showed the flow trace of the tracer gas for two systems. In the combined ventilation system, airflow first passes through the work region, and then carrying pollutants discharged from the non-working region. So the flow path of fresh air is reasonable and airflow direction is fixed. Therefore, the practical efficiency of fresh air is high. Whereas in the fresh air system, fresh air flows into the room and then mixes with indoor air, the contaminant concentration distribution in room is homogeneous. So, the fresh air system is a mixing ventilation system [3] , [4] .
Conclusion
The main objective of this work is to develop and analyze a combined ventilation system in an office using a numerical simulation approach. The performance of the combined ventilation system is compared with the traditional air-conditioning system (refer to the fresh air system in this paper).
The results indicate that the combined ventilation system have not effect on indoor air temperature comparing with the reference system. However, it can decrease the pollutant concentration and improve the occupant comfort. It is necessary for the combined ventilation system to broaden its application in order to improve indoor air quality.
